Objectives. We address marine and terrestrial mammal blubber, liver, muscle, kidney, heart, tongue, maktak and maktaaq (epidermis and blubber from bowhead, beluga whales, respectively), and fish muscle and livers, as commonly consumed tissues in subsistence communities across northern Alaska in the context of organochlorine (OC) contamination of store-bought foods. Human exposure to contaminants from biota, as part of a subsistence diet, has been superficially evaluated in numerous studies (focused on liver and blubber), but are limited in the type of tissues analyzed, and rarely consider the contaminants in the alternatives (i.e., store-bought foods). Study Design. Concentrations from published literature on selected persistent organochlorine contaminants (OCs) in eight tissues of the bowhead whale and other biota (1) were compared to store-bought foods evaluated in this study. Results. As expected, store-bought foods had lower concentrations of OCs than some tissues of the marine mammals (especially blubber, maktak, and maktaaq). However, blubber is rarely eaten alone and should not be used to give consumption advice unless considered as a portion of the food item (i.e., maktak). This study indicates that the store-bought food alternatives have detectable OC concentrations (e.g., < 0.01 to 22.5 ng/g w.w. for hexachlorobenzene) and, in many cases, have greater OC concentrations than some subsistence food items. Many wildlife tissues had OC concentrations similar to those quantified in local store-bought food. Conclusions. Switching from the traditional diet to western store-bought foods will not always reduce exposure to OCs. However, raw blubber-based products are clearly more contaminated with OCs due to lipid content. A detailed profile of traditional/country foods and western foods consumed by subsistence communities of northern Alaska is required to address chronic exposure in more detail for the diverse sources of foods (subsistence use and commercially available) and the widely varying concentrations of contaminants reported therein. This should be combined 304
INTRODUCTION
The presence of persistent organochlorine contaminants (OCs) in the Arctic is well known. First detected in the region in the late 1960s (2) , OCs have been found throughout the Arctic due to their environmental recalcitrance and long-range transport in air, water and biota (3) . The persistence and bioaccumulation potential of OCs is a concern in the arctic environment, where many species feed on prey with greater lipid content compared to phylogenetically similar organisms, or agricultural species inhabiting lower latitude ecosystems. Despite the long distances from sources OCs accumulate to relatively high concentrations in top predatory marine species, such as polar bears (Ursus maritimus), ringed seals (Phoca hispida), seabirds and toothed whales (3) .
The accumulation of OCs in arctic biota remains relevant to indigenous peoples of this region, who may be exposed to OCs at greater concentrations than populations in southern Canada or the USA, due to the consumption of lipid-rich traditional foods (4) . However, sources of food from more southerly latitudes, such as commercially available foodstuffs, are not devoid of the OCs (e.g., [5] [6] [7] [8] . Thus, advice on food consumption, based mostly on the determination of OCs in subsistence use species and rarely the alternatives available in the communities as "store-bought" foods, is incomplete. To make a thorough assessment of the potential risks to human health from dietary exposure to OCs, the alternatives to traditional country foods that are served as the basis for subsistence-based diets should be evaluated and compared.
The subsistence diet of indigenous peoples of the Arctic varies by region due to prey availability, local hunting practices (9) and the availability of resources from "Outside" (the store). For northern Alaska, we focus the comparison on the bowhead whale and a few other locally relevant marine mammals and fish. Several exposure and risk assessments have recognized the socio-cultural and nutritional benefit of traditional foods to arctic peoples (e.g. 10). However, the accumulation of OCs in Native populations from subsistence arctic communities has raised some questions concerning the suitability for human consumption of terrestrial and marine wildlife and fish from this region (4, (10) (11) (12) (13) . Concentrations of OCs in marine mammal blubber and liver, along with blubber only from other marine mammals from northern Alaska, have been reported (14) (15) (16) (17) (18) and, more recently, human exposure was assessed for with biomonitoring people dependent upon subsistence foods. Further assessment of essential and non-essential elements, emerging contaminants (e.g. brominated flame retardants), etc. should be conducted in order to improve our understanding of the differences and similarities between wildlife and store-bought foods. Keywords: commercial foods, country/traditional foods, organochlorines, pollutants, subsistence ORIGINAL RESEARCH the bowhead whale (eight tissue types) and other subsistence food items (1) . However, the exposure to OCs from local store-bought alternatives has not been investigated. In this paper we discuss the potential human exposure to OCs and the implications for human consumption of arctic mammalian tissues compared to select foods purchased locally as "alternatives" to more traditional items.
MATERIAL AND METHODS

Sample collection (store-bought foods)
Various commercially available foods [Cornish game hen, boneless pork loin chop, milkfish (Chanos chanos), smoked salmon strips (Oncorhyncus sp.), imitation crab flakes, beef shank and tongue, honeycombed tripe (rumen), reindeer steak and steak marrow (Rangifer tarandus), lobster tail (possibly Panulirus argus), chicken egg yolk, sardines (Western Family Sardines, likely Sardinella auritas, lightly smoked in soybean oil with salt), and canned salmon (O. gorbuscha; salt)] were obtained from a local market in Barrow, AK, USA, by local residents in 2002. Samples were selected based on their availability and potential dietary importance as a substitute for subsistence foods (i.e. country-based diet) (Fig. 1 ). Samples were transported to the National Water Research Institute (Environment Canada, Burlington, Ontario, Canada). We expected that the concentrations of OCs in the store-bought foods would be low and this presumption led to pooling of samples to increase the available mass for chemical analyses. All samples were homogenized and stored at -20 ˚C in pre-cleaned glass containers.
Chemicals and Standards
All solvents (pesticide grade) were obtained from Caledon Laboratories. (Georgetown, ON, Canada). American Chemical Societygrade granular sodium sulfate (Na 2 SO 4 ) was obtained from EM Science (Gibbstown, NJ, USA). Pesticide-grade dry silica (60 -200 mesh) was obtained from ACP (Montréal, PQ, Canada). SX-3 Biobeads (200 -400 mesh) used in gel permeation chromatography columns were purchased from Bio-Rad Laboratories (Hercules, CA, USA).
Extraction and clean-up of store-bought food samples Samples of store-bought foods (approximately 10 -20 grams, wet weight; w.w.) were extracted using previously described techniques with minor modification (Hoekstra et al., (14) ). Samples were homogenized with sodium sulphate (Na 2 SO 4 ) and spiked with a mixture of internal standards (two polychlorinated biphenyl (PCB) congeners, CB-30 and CB-204; δ-substituted hexachlorocyclohexane (δ-HCH), 1,3,5-tribromobenzene, and 1,2,4,5-tetrabromobenzene) to monitor the efficiency ORIGINAL RESEARCH of the extraction protocol. Samples were extracted with dichloromethane (DCM) using Soxhlet extraction for 16 hours and subsequently passed through an Allihn funnel containing sodium sulfate, and concentrated. Lipids and other bioorganic materials in each sample were removed using gel permeation chromatography (GPC) and lipid percent was determined gravimetrically. The analyte sample was concentrated and separated on 8 grams of 100% activated silica gel into two fractions: 65 mL of 100% hexane (F1) and 90 mL of 50% hexane: 50% dichloromethane (F2). Endrin ketone and 1,3 dibromobenzene were added as laboratory spiking surrogates to determine fractionation performance. Samples were rotary evaporated, transferred to 2,2,4-trimethylpentane (iso-octane) and concentrated to 1000 µL.
PCB/OC pesticide analysis
PCB and OC pesticide analysis on both sample fractions was performed using a Hewlett Packard (Wilmington, DE, USA) 6890 gas chromatograph (GC) with a 63 Ni electron capture detector (ECD). Pulsed splitless injections of 1 µL volumes were performed by a HP 7683 autosampler and a HP 7683 Series Inject with a splitless time of 1.0 min (injector temperature set at 250 °C). Compound separation was completed using a 30 m × 0.25 mm (i.d.) HP-5MS column (internal film thickness 0.25 µm; Wilmington, DE, USA) with H 2 carrier gas (at a constant flow rate of 1.1 mL/min). Nitrogen was used as the makeup gas for the ECD (detector temperature: 350 °C). The oven temperature program was initiated at 80 °C (held 2.0 min), ramped to 90 °C at 10 °C/min, then ramped at 2.5 °C/min to 285 °C (5 min hold time) and maintained till the completion of the 86-minute run. Sample quantification was performed using multiple external standards obtained from the National Laboratory for Environmental Testing (Environment Canada, Burlington, ON, Canada) that were analyzed after every 10 samples. Sum (Σ of chlordane (ΣCHL) 197, 180, 189, 193, 191, 194, 195, 196/203, 198, 199, 201, 205, 206, 207, 208 and CB-209 (IUPAC designation) and the ΣPCB 10 is the sum of PCB congeners CB-28, 31, 52, 101, 105, 118, 138, 153, 156 and CB-180 (IUPAC designation)
Analytical quality assurance (store-bought foods) Average (±1 SD) sample recovery of PCB and OC surrogate standards was 103% ± 18% and concentrations were adjusted accordingly. Detection limits ranged from 0.01 to 0.1 ng g -1 for individual PCB congeners and OC pesticides and related compounds. The quality assurance protocol included extraction and analysis of laboratory blanks with every batch of 10 samples, the use of a standard ORIGINAL RESEARCH or certified reference materials (SRM1974a Organics in Muscle Tissue (Mytilus edulis) from the National Institute of Standards and Technology, Gaithersburg, MD, USA and CRM DF-2525 Lake Ontario Lake trout muscle (Salvelinus namaycush) from Environment Canada, National Laboratory for Environmental Testing, Burlington, ON, Canada), and participation in an international inter-laboratory comparison program on PCB analysis (QUASIMEME, Aberdeen, UK). Results are blank subtracted.
RESULTS AND DISCUSSION
It is no surprise that, in some cases, OC levels in store-bought food are not lower than in some traditional wildlife foods, except for blubber and blubber containing products. The OC concentrations in selected tissues from subsistence species are presented in Tables I-II (adapted from Hoekstra et al., (1) ). Storebought food items and OC concentrations are provided in Table III , along with a list of the OCs analyzed in this study. Store-bought terrestrial 197, 180, 189, 193, 191, 194, 195, 196/203, 198, 199, 201, 205, 206 The lipid content of store-bought aquatic food ranged from 0.5 to 19.9%, much less than for the marine mammals. The highest lipid content item from the aquatic system (sardines) contained the highest concentration of PCBs (ΣPCB and ΣPCB 10 ) relative to all other storebought aquatic foods. Canned salmon (4% lipid) contained the highest concentrations of HCB, ΣDDT and ΣHCH; and smoked salmon contained the second highest levels in HCB, ΣDDT and ΣHCH, but the highest concentrations of ΣCHL, of all store-bought aquatic foods (Table III) . Overall, the two processed salmon products were found to have the highest levels of HCB, ΣDDT and ΣHCHs. Compared to other regions and species these concentrations are relatively low. The effects of processing of the salmon tissue are difficult to determine, but could be a significant factor (i.e., desiccation and changes in wet weight concentrations, contamination from processing, etc.). The range of ΣPCBs concentrations for store-bought foods was 0.4 to 9.40 ng/g w.w. (Tables III and IV) . It should be noted that 9 of 17 mean concentrations of OCs in wildlife tissues, sampled in Hoekstra et al. (1) , also fell into this range (Table IV) . The ranges of concentrations for HCB (< 0.01 to 22.5 ng/g w.w.) for store-bought foods (Tables III and IV) indicate that HCB concentrations for 11 of 16 wildlife tissues sampled (Tables I and II) occur within this range. Other comparisons show similar patterns, suggesting that store-bought alternatives may not provide a "less contaminated" alternative to many traditional country foods. Table IV lists the various matrices assessed in rank order for lipid percentage and OC concentration for the 31 matrices (14 store-bought and 17 subsistence use items) studied. Not surprisingly, the first four items are blubber, maktak and maktaaq of the whales and seals. However, it was surprising that reindeer marrow (storebought) was fifth highest in lipid content and HCB (Table IV) . Items ranked 6 through 10 included expected items, such as blubber and maktaaq, except for the sardines, which ranked tenth for sum PCBs (9.40 ng g -1 w.w. There is no clear demarcation in OC contamination of store-bought foods versus subsistence foods. However, due to blubber and blubber-based products, a trend for higher concentrations of OCs is evident in marine mammal-based foods. Continuing this theme, food items ranked from 15 through 28 are a mixture of store-bought foods and subsistence items. Store-bought foods dominated the final 28 through 31 items for lowest in lipid content and lowest OC concentrations. Based on these data, it is not obvious that switching to similar store-bought alternatives would have a ORIGINAL RESEARCH ORIGINAL RESEARCH dramatic impact on reducing OC exposure, if one considers the same tissue types and basic lipid contents. Clearly, blubber and foods composed of blubber are unique, as there are no suitable, commercially available, "replacement" items with relatively high lipid contents that are predisposed to accumulating the OCs. Careful interpretation of the food items reported in this study is required. For example, the effect of food preparation on OC concentrations was not studied. Previous investigations have noted a reduction of ΣPCB and other OC concentrations in fish due to cooking (19, 20) . While the effect of rendering, fermentation, and other food preparation practices used by Native Alaskans (21), on OC concentrations is unknown, the estimated daily intake values calculated from raw tissues in (1) likely overestimate OC exposure from these subsistence dietary items when cooked. Some of the store-bought items are ready to eat (smoked salmon, sardines), while others require processing and would need to be assessed after preparation for consumption to truly reflect the OC exposure. As indicated in this study, the store-bought foods are not always less contaminated than similar food items (i.e., fish products). Dougherty et al. (7) showed that average food ingestion exposures for the whole US population exceeded benchmark concentrations for chlordane, DDT, dieldrin, dioxins and polychlorinated biphenyls, when non-detects were assumed to be equal to zero. For each of these pollutants, exposure through fish consumption accounts for a large percentage of food exposures. Interestingly, Focant et al. (8) reported that background concentrations of PCDDs, PCDFs, nonortho-PCBs, and mono-ortho-PCBs in fast food samples collected in different countries appeared to be very low.
The socio-cultural and nutritional benefits of a subsistence diet to the residents of northern Alaska must be considered when discussing switches to store-bought foods. Preliminary information on the nutritional quality of bowhead whale tissues and other wildlife suggest that these subsistence dietary items are excellent sources of nutritionally essential minerals, fatty acids and fat-soluble vitamins, such as vitamins A, D and E (e.g. 10, [22] [23] [24] [25] [26] . The increasing prevalence of "Western", or modern, diets over traditional foods is thought to have negative health consequences, in part due to the increased consumption of total fat, saturated fats and sucrose above recommended levels (25, 10) . Upon considering the risks associated with exposure to contaminants relative to the known benefits of traditional foods, as well as the risks associated with eating poor replacement foods (e.g. 27, 12), the consumption of bowhead whale tissues and other marine biota by Inuit of northern Alaska should be maintained and encouraged, as suggested for traditional foods in general by Verbrugge and Middaugh (28) and Arnold and Middaugh (29) . By using the balanced approach nutrients and contaminants, this information will allow individuals to decide for themselves which dietary habits best suits their lifestyle. In order to do this, there must be a general sense of how traditional foods compare to the store-bought alternatives with respect to contamination by OCs.
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Conclusions
In conclusion, persistent OCs were quantified in numerous tissues of Alaska marine mammals and fish (marine and freshwater) and compared to store-bought food "alternatives". As expected, lipid content significantly influenced the concentrations of ΣOCs in store-bought foods and subsistence use foods. Thus, blubber and blubber-based products have the highest concentrations of OCs for both wildlife and store-bought foods. There was no clear indication that store-bought foods were significantly less contaminated than comparable traditional (wildlife) foods, except for blubber and blubber-containing products (as there was no blubber analog in the store). We conclude that switching from non-blubber tissues to local store-bought alternatives will not eliminate OC exposure and may only provide a slight reduction, if any, that may be at the expense of much less nutrient-rich products and the elimination of important, healthy, socio-cultural practices. We did not assess a blubber analog from the store and, thus, cannot provide information comparing a "substitute", but we recognize that blubber is the most contaminated tissue. Due to this contamination, we would encourage the assessment of the impact of food processing on resultant nutrients and contaminants in blubber (raw, boiled, fermented, pickled, etc.). The data presented here do not consider essential and non-essential elements, and emerging contaminants (e.g. brominated flame retardants). However, we recognize them as important components and, as such, will be reported upon elsewhere.
